The menisci play an important role in knee joint biomechanics. Because of their composition, morphology, and structural configuration, they are indispensable for proper knee functioning. In addition to decreasing tibiofemoral contact pressure and increasing contact area and congruency, they substantially contribute to load transmission, shock absorption, stability, nutrition, lubrication, and proprioception of the knee.^[@bibr19-2325967120914568],[@bibr35-2325967120914568],[@bibr38-2325967120914568]^ The incidence of meniscal tears associated with anterior cruciate ligament (ACL) lesions is as high as 79%, with the lateral meniscus being more frequently affected than the medial meniscus in acute circumstances.^[@bibr17-2325967120914568],[@bibr22-2325967120914568],[@bibr31-2325967120914568]^ Radial meniscal tears represent approximately 15% of meniscal injuries and mainly affect the lateral meniscus.^[@bibr24-2325967120914568],[@bibr37-2325967120914568]^ For the combination of radial tears of the lateral meniscus and ACL lesions, an incidence of 5.4% has been reported.^[@bibr17-2325967120914568]^

Under load-bearing conditions, axial force acting on the knee causes a radially oriented force vector because of the wedge-shaped appearance of the meniscus. The resulting force leads to radial displacement of the menisci, which is also known as meniscal extrusion (ME). Circumferentially oriented collagen fibers of the menisci prevent pathological extrusion by generating hoop stress.^[@bibr19-2325967120914568],[@bibr38-2325967120914568]^ These circumferential fibers run from the anterior to posterior root and are disrupted in the case of a radial tear, which leads to substantial impairment of meniscus function.^[@bibr28-2325967120914568],[@bibr38-2325967120914568]^ Injuries and degeneration of the meniscal substance and meniscus root tears are associated with significantly increased ME.^[@bibr14-2325967120914568],[@bibr30-2325967120914568],[@bibr33-2325967120914568]^ The degree of radial displacement depends on the severity and type of the meniscal lesion.^[@bibr28-2325967120914568]^ A radial meniscal tear results in ME, which leads to a significantly decreased contact area and increased contact pressure.^[@bibr41-2325967120914568]^ These biomechanical findings can be compared with the effect of partial or total meniscectomy.^[@bibr20-2325967120914568]^ Therefore, pathological ME is sometimes termed "functional meniscectomy." The increased tibiofemoral contact pressure accelerates cartilage degeneration, resulting in a progressive development of knee joint osteoarthritis.^[@bibr5-2325967120914568],[@bibr29-2325967120914568],[@bibr49-2325967120914568]^

Currently, no consensus exists regarding the optimal treatment of radial meniscal tears. Partial meniscectomy has become the most frequently performed orthopaedic surgery in the United States.^[@bibr21-2325967120914568]^ Hence, numerous studies have shown accelerated degenerative cartilage loss with the subsequent development of knee osteoarthritis,^[@bibr3-2325967120914568],[@bibr34-2325967120914568],[@bibr43-2325967120914568],[@bibr46-2325967120914568]^ particularly after lateral meniscectomy.^[@bibr27-2325967120914568]^ Comparative studies have suggested that meniscal repair techniques may yield superior clinical and radiological outcomes, especially at long-term follow-up.^[@bibr34-2325967120914568],[@bibr49-2325967120914568]^ For this reason, interest in meniscus-preserving treatment methods has increased in recent years. Because the biomechanical understanding of radial meniscal lesions is constantly improving, extensive research has focused on treatment options for this special tear pattern.^[@bibr2-2325967120914568],[@bibr12-2325967120914568],[@bibr13-2325967120914568],[@bibr23-2325967120914568],[@bibr39-2325967120914568],[@bibr45-2325967120914568],[@bibr47-2325967120914568],[@bibr51-2325967120914568]^

The purpose of the present study was to quantitatively analyze dynamic lateral ME in patients undergoing ACL reconstruction and radial tear repair of the lateral meniscus. For this study, magnetic resonance imaging (MRI) was used in combination with a pneumatic knee brace to simulate normal weightbearing. In all patients, both knees were examined for a comparison of the injured knee with the noninjured contralateral knee. It was hypothesized that lateral ME would decrease after all-inside radial tear repair but still remain significantly higher in the injured knee than in the contralateral noninjured knee. Additionally, it was hypothesized that lateral ME would increase bilaterally after axial load application and that the dynamic behavior would not differ between the injured and noninjured knees after radial tear repair.

Methods {#section1-2325967120914568}
=======

Patients who underwent ACL reconstruction and all-inside radial tear repair of the lateral meniscus were reviewed for eligibility. Selected patients had to visit the outpatient clinic once for a detailed follow-up examination. The follow-up included obtaining patient history, recording patient-reported outcomes (PROs), conducting a clinical examination, and acquiring MRI scans. All examinations were performed on both knees. MRI scans were acquired with and without axial load application. Preoperative assessments were carried out retrospectively and included a standard clinical examination based on the International Knee Documentation Committee (IKDC) form, PRO measures, and MRI without axial knee loading.

Ethical permission was granted by the ethical review committee of the Medical University of Innsbruck in February 2018. Verbal and written consent for participation were obtained from all patients after providing detailed information about this project.

Patient Selection and Surgical Technique {#section2-2325967120914568}
----------------------------------------

The database of our specialized orthopaedic surgery clinic was screened for patients treated for a traumatic ACL injury in combination with a radial tear of the posterior horn of the lateral meniscus between 2010 and 2017 using a 1-stage procedure. To be included in the study, patients had to meet the criteria for inclusion summarized in [Table 1.](#table1-2325967120914568){ref-type="table"} For primary ACL reconstruction, quadriceps, hamstring, or patellar tendon autografts were used. Radial meniscal tear repair was performed by the all-inside suture technique using ULTRA FAST-FIX (Smith & Nephew). Depending on the tear size, 1 to 3 sutures were placed to secure meniscal damage. Only partial and complete tears resulting in arthroscopically confirmed instability of the lateral meniscus were repaired.

###### 

Inclusion and Exclusion Criteria*^a^*

![](10.1177_2325967120914568-table1)

  Inclusion Criteria                                          Exclusion Criteria
  ----------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  Minimum age at index surgery: 18 y                          Horizontal, longitudinal, or complex meniscal tear
  Maximum age at index surgery: 40 y                          Partial meniscectomy
  Primary ACL injury                                          Meniscus root tear
  Radial tear of the posterior horn of the lateral meniscus   Radial tear limited to avascular zone 3 according to Arnoczky and Warren^[@bibr4-2325967120914568]^
  ACL reconstruction                                          Ipsilateral ACL or lateral meniscal reinjury
  All-inside suture repair                                    Contralateral ACL, complex knee, or lateral meniscal injury
  Minimum follow-up: 12 mo                                    

*^a^*ACL, anterior cruciate ligament.

Patient-Reported Outcomes {#section3-2325967120914568}
-------------------------

Patients were instructed to complete a questionnaire that was used to collect demographic data and included PRO measures and a visual analog scale (VAS) for pain. The PRO measures included the Lysholm score, Tegner activity level (TAL), subjective IKDC form, and Knee injury and Osteoarthritis Outcome Score (KOOS). The TAL, Lysholm, and VAS for pain scores were collected preoperatively, 6 and 12 months postoperatively, and at the final follow-up. The KOOS and subjective IKDC scores were only acquired at the final follow-up.

Clinical Examination {#section4-2325967120914568}
--------------------

The clinical examination of the knee was based on the objective IKDC form. To avoid unnecessary radiation exposure with full-leg radiographs, the mechanical axis of the lower limb was assessed clinically. To quantify lower limb alignment, the caliper and goniometer methods described by Navali et al^[@bibr40-2325967120914568]^ and Hinman et al^[@bibr25-2325967120914568]^ were used. To evaluate the meniscal status, several tests including palpation of the joint line, the McMurray test, and the Thessaly test^[@bibr7-2325967120914568]^ were performed.

Magnetic Resonance Imaging {#section5-2325967120914568}
--------------------------

MRI scans of both knees were acquired using a MAGNETOM Skyra 3.0-T MRI scanner (Siemens Healthineers). The MRI protocol included the following sequences: coronal, sagittal, and axial fat-suppressed proton density--weighted turbo spin echo for both conditions. The following parameters were used for imaging acquisition: coronal (repetition time/echo time \[TR/TE\] = 4330/30 ms; field of view \[FOV\] = 130 × 130 mm; slice thickness = 2 mm), sagittal (TR/TE = 2610/30 ms; FOV = 130 × 130 mm; slice thickness = 2 mm), and axial (TR/TE = 1950/29 ms; FOV = 150 × 150 mm; slice thickness = 2 mm). An MRI-compatible custom-made pneumatic knee brace (Ergospect) was used for standardized patient positioning and axial load application ([Figure 1](#fig1-2325967120914568){ref-type="fig"}). Neutral rotation of the lower leg and 10° of knee flexion in a supine position were standard for imaging acquisition. The MRI examination started with the healthy knee, followed by the operated knee. First, scans were acquired in the unloaded condition. By using a pneumatic system within the knee brace, an axial force was then applied to induce stress equivalent to that caused by 50% of the patient's body weight acting on the knee joint in an upright stance. After imaging acquisition, the pneumatic knee brace was placed on the contralateral knee to repeat the process.

![Magnetic resonance imaging--compatible pneumatic knee brace. (A) Knee fixed in the pneumatic brace. (B) Control panel. (C) Pneumatic knee brace from a lateral view. Asterisk = femoral fixation; white arrow = tibial fixation; black arrow = axial pneumatic cylinder; black arrowhead = flexion scale (10° in this case); white arrowhead = on/off switch of the pneumatic system; black circle = pneumatic pressure regulator.](10.1177_2325967120914568-fig1){#fig1-2325967120914568}

Preoperative scans were only available in the unloaded condition. Therefore, the preoperative data were compared with the corresponding postoperative values of the operated unloaded knee.

Imaging Analyses {#section6-2325967120914568}
----------------

All MRI scans were analyzed by 2 experienced orthopaedic surgeons (P.W.W., G.W.) in collaboration with a musculoskeletal radiologist (B.H.). The 2 observers were blinded to the imaging acquisition conditions and assessed all MRI scans twice with 2 weeks between each assessment. For imaging evaluations and measurements, the free medical image viewer Horos version 3.3.5 (<https://horosproject.org>) was used.

Using the coronal slice in which the femoral attachment of the popliteal tendon was best visible, lateral ME was measured as the horizontal distance between the most external margin of the tibial plateau articular cartilage and the peripheral border of the lateral meniscus ([Figure 2](#fig2-2325967120914568){ref-type="fig"}).^[@bibr11-2325967120914568],[@bibr42-2325967120914568]^ The subchondral tibial plateau width (TW) was measured in the same layer and defined as the subchondral distance between the medial and lateral cartilage-bone transition. Using these values, the meniscus body extrusion ratio (MBER), which relates ME to the knee size,^[@bibr52-2325967120914568]^ was calculated as ME/TW and expressed as a percentage. The difference in ME between the loaded and unloaded conditions (Δ extrusion)^[@bibr30-2325967120914568]^ was calculated for further analysis. Additionally, the MRI scans were reviewed for the presence of meniscofemoral ligaments (MFLs).

![Lateral meniscal extrusion measurement. (A) Preoperative unloaded condition. (B) Postoperative unloaded condition. (C) Postoperative loaded condition. Asterisk = femoral attachment of the popliteal tendon; line 1 = vertical line running through the lateral tibial cartilage margin; line 2 = vertical line running through the most peripheral aspect of the lateral meniscus; line 3 = subchondral tibial plateau width; horizontal distance between lines 1 and 2 = absolute lateral meniscal extrusion.](10.1177_2325967120914568-fig2){#fig2-2325967120914568}

Statistical Analyses {#section7-2325967120914568}
--------------------

Data analysis was performed by using SPSS Statistics software (Version 25.0, IBM). The level of significance for all statistical tests was set to .05.

To assess interrater reliability, all measurements of ME obtained before and after surgery, as well as in the unloaded and loaded conditions, were pooled (total n = 92) and compared between the 2 raters by means of a paired-samples *t* test. In addition, the intraclass correlation coefficient (ICC) was calculated using a 2-way random-effects model to quantify absolute agreement in the measurements.^[@bibr32-2325967120914568]^ The typical error of measurement was calculated by dividing the standard deviation of the differences in scores by the square root of 2.^[@bibr26-2325967120914568]^ Correlation and Bland-Altman plots were created for visual inspection of agreement in the ratings. For test-retest (intrarater) reliability of data analysis, all MRI scans were reanalyzed by the main examiner (P.W.W.), and the ICC was calculated using a 2-way mixed-effects model.^[@bibr32-2325967120914568]^ Further reliability statistics were calculated as for the interrater reliability analyses.

The efficacy of the treatment was evaluated through the statistical comparison of preoperative and postoperative data of ME and the respective MBER by means of paired-samples *t* tests. In addition, 2 × 2 factorial analysis of variance was used to analyze the effects of the factors "condition" (unloaded vs loaded) and "leg" (injured vs noninjured), as well as possible condition × leg interactions in the postoperative results. To analyze dynamic lateral ME, Δ extrusion was calculated for the healthy and injured knees and compared using a paired *t* test. For all significant effects, the Cohen *d* was calculated through *t* conversion,^[@bibr16-2325967120914568]^ converted to Pearson *r*, and reported as measurements of effect sizes.

Results {#section8-2325967120914568}
=======

A total of 10 patients (9 male, 1 female) with a mean age of 25.30 ± 5.85 years at the time of surgery were included in this study. The mean body mass index was 22.98 ± 1.94 kg/m^2^. The mean time from injury to surgery was 6.9 days (range, 0-32 days), and the mean time from surgery to the final follow-up was 47.9 months (range, 12-87 months). For ACL reconstruction, the hamstring, quadriceps, and patellar tendon were used in 7 patients, 2 patients, and 1 patient, respectively. None of the meniscal tears affected the posterior root of the lateral meniscus. Moreover, 60% of the patients had a partial radial tear (\>50% of the meniscal substance involved), whereas 40% had complete radial disruption of the posterior horn of the lateral meniscus. Also, 1 suture was applied in 6 patients, 2 sutures were applied in 3 patients, and 3 sutures were applied in 1 patient for radial tear repair. Radiological signs of radial tears could be found in 3 patients on postoperative MRI, although there was no confirmation of persistent lateral meniscal radial tears based on second-look arthroscopic surgery, as there were no clinical signs or symptoms. Additional lesions of the medial meniscus and medial collateral ligament were each observed in 2 patients. During arthroscopic surgery, a grade 2 chondral lesion, according to the International Cartilage Repair Society classification system,^[@bibr10-2325967120914568]^ was observed in the patellofemoral joint in 2 patients and in the medial compartment in 1 patient. In another patient, a grade 3 chondral lesion was detected in the medial compartment. The follow-up showed increasing tibiofemoral cartilage damage in 1 patient, whereas the others demonstrated consistent cartilage conditions. MRI scans revealed at least 1 MFL in 19 of 20 (95%) knees. The posterior MFL was present in 16 (80%) of the scanned knees, and the anterior MFL was present in 10 (50%). Both MFLs could be detected in 7 (35%) of the examined joints.

Measurement Reliability {#section9-2325967120914568}
-----------------------

On average, the measurements of ME obtained by the 2 raters agreed closely (1.9 ± 1.1 mm \[rater 1, P.W.W.\] vs 2.0 ± 1.1 mm \[rater 2, G.W.\]) and were not statistically significantly different (*t*\[91\] = --1.183; *P* = .240). The ICC suggested good absolute agreement of the ratings (ICC, 0.898 \[95% CI, 0.846-0.933\]). The typical error of measurement was 0.5 mm ([Figure 3](#fig3-2325967120914568){ref-type="fig"}).

![Correlation and Bland-Altman plots of interrater reliability. The horizontal line and gray area in the Bland-Altman plot show the mean difference in ratings and the respective 95% CI.](10.1177_2325967120914568-fig3){#fig3-2325967120914568}

The results obtained by rater 1 (P.W.W.) through repeated analyses of MRI scans differed by \<0.1 mm on average (1.9 ± 1.1 mm vs 1.9 ± 1.0 mm, respectively; *t*\[45\] = 0.986, *P* = .329), and the difference was nonsignificant. Excellent reproducibility of imaging analysis was also confirmed by an ICC of 0.976 (95% CI, 0.957-0.987) and a typical error of measurement of 0.2 mm ([Figure 4](#fig4-2325967120914568){ref-type="fig"}).

![Correlation and Bland-Altman plots of intrarater reliability. The horizontal line and gray area in the Bland-Altman plot show the mean difference in ratings and the respective 95% CI.](10.1177_2325967120914568-fig4){#fig4-2325967120914568}

Lateral ME {#section10-2325967120914568}
----------

In the unloaded injured leg, meniscal suture repair reduced ME from 3.2 ± 1.1 mm preoperatively to 2.1 ± 0.6 mm (--32.4%) at the final follow-up and the MBER from 4.17 ± 1.31 to 2.62 ± 0.64 (--37.2%), respectively. These changes were statistically significant and of moderate dimension (ME: *t*\[5\] = 2.916; *P* = .033; *r* = 0.21) (MBER: *t*\[5\] = 3.335; *P* = .021; *r* = 0.57). Analyses of postoperative ME showed a significant effect of condition, (*F*\[1,9\] = 6.731; *P* = .029; *r* = 0.21), with extrusion being greater by 0.3 mm (+21.8%) under compression (unloaded, 1.6 ± 0.9 mm; loaded, 1.9 ± 1.1 mm). Large differences were observed between legs: in the injured knee, ME was greater by 1.1 mm (+93.2%), reflecting a significant effect of the factor leg, (*F*\[1,9\] = 24.03; *P* = .001; *r* = 0.68). The condition × leg interaction was nonsignificant (*F*\[1,9\] = 0.072; *P* = .795), suggesting that the compression-associated increase in ME did not differ significantly between the injured and healthy knees. Analysis of the postoperative MBER showed similar results, with a significant effect of condition, (*F*\[1,9\] = 6.841; *P* = .028; *r* = 0.15), and leg (*F*\[1,9\] = 25.888; *P* = .001; *r* = 0.54) but no statistically significant condition × leg interaction effect (*F*\[1,9\] = 0.077; *P* = .787). The mean values of ME and MBER depending on factors condition and leg are shown in [Figure 5](#fig5-2325967120914568){ref-type="fig"}. Concerning dynamic behavior, mean Δ extrusion of 0.4 ± 0.6 mm and 0.3 ± 0.6 mm were measured for the injured and healthy knees, respectively. Differences between legs were nonsignificant (*t*\[18\] = --0.264; *P* = .795). It has to be mentioned that the small sample size may have weakened the statistical power of these results.

![Mean postoperative meniscal extrusion (top) and meniscal body extrusion ratio (bottom) as measured in the unloaded and loaded conditions in the injured and noninjured legs (healthy). Error bars represent standard deviations.](10.1177_2325967120914568-fig5){#fig5-2325967120914568}

Clinical Findings and PROs {#section11-2325967120914568}
--------------------------

There were 2 patients who reported temporary blocking symptoms, and another 2 patients described pain during prolonged squatting. None of the participants reported limitations in activities of daily living. All patients were satisfied with the outcome, and all but 1 patient were able to return to their previous recreational sports level. No severe malalignment of the lower limb was detected. The clinical examination revealed positive signs for the medial meniscus in 1 patient only. No additional pathological abnormalities were observed. The PRO scores acquired over the follow-up period are summarized in [Table 2](#table2-2325967120914568){ref-type="table"}.

###### 

Patient-Reported Outcomes Before Injury, 6 and 12 Months Postoperatively, and at Last Follow-up*^a^*

![](10.1177_2325967120914568-table2)

  Measure                           Before Injury   6 mo          12 mo         Last Follow-up
  --------------------------------- --------------- ------------- ------------- ----------------
  VAS for pain                      0.7 ± 1.34      1.0 ± 1.00    1.3 ± 1.21    0.6 ± 0.84
  Lysholm                           92.2 ± 18.60    89.8 ± 7.79   88.3 ± 9.85   91.4 ± 7.89
  Subjective IKDC                   ---             ---           ---           91.4 ± 6.71
  KOOS Pain                         ---             ---           ---           95.6 ± 3.97
  KOOS Symptoms                     ---             ---           ---           88.9 ± 10.44
  KOOS Activities of Daily Living   ---             ---           ---           99.6 ± 0.71
  KOOS Sports and Recreation        ---             ---           ---           94.5 ± 6.43
  KOOS Quality of Life              ---             ---           ---           80.6 ± 16.78
  TAL, median (range)               7 (6-10)        6 (4-10)      6 (1-9)       6 (6-9)

*^a^*Data are shown as mean ± SD unless otherwise indicated. Dashes signify not reported. IKDC, International Knee Documentation Committee; KOOS, Knee Injury and Osteoarthritis Outcome Score; TAL, Tegner activity level; VAS, visual analog scale.

Discussion {#section12-2325967120914568}
==========

The most important findings of the present study are that lateral ME (1) decreased significantly after all-inside radial tear repair, (2) increased significantly (+21.8%) after load application, and (3) showed significantly higher values in the injured knee than in the noninjured knee. The nonsignificant difference in Δ extrusion between the healthy and injured knees suggests intact load acceptance behavior after lateral meniscal radial tear repair.

The high incidence of lateral meniscal tears associated with ACL injuries and the associated changes in knee joint biomechanics have led to increasing interest in meniscus-preserving therapies. Hagino et al^[@bibr22-2325967120914568]^ observed concomitant meniscal lesions in 79.2% of ACL-deficient knees. Tears of the lateral meniscus have been reported to occur in 69.4% of acute ACL injuries. Similarly, Fetzer et al^[@bibr17-2325967120914568]^ detected more lateral meniscal lesions associated with ACL injuries than medial meniscal lesions, and radial tears accounted for \>12% of the lateral meniscal lesions. Clinical research has indicated that radial tears account for 14% to 15% of all meniscal lesions.^[@bibr24-2325967120914568],[@bibr37-2325967120914568]^ The high biomechanical effect of radial meniscal tears has been shown in 2 cadaveric studies.^[@bibr6-2325967120914568],[@bibr41-2325967120914568]^ Ode et al^[@bibr41-2325967120914568]^ detected significantly increased tibiofemoral contact pressure and a decreased contact area after radial transection of the lateral meniscus. In the same study, the mean tibiofemoral contact pressure after radial tear repair nearly reached that of an intact meniscus. According to Ode et al and Bedi et al,^[@bibr6-2325967120914568]^ therapies preserving the lateral meniscus after radial tears are of crucial biomechanical importance. The present study was performed to provide in vivo human data reflecting the efficacy of radial tear repair of the lateral meniscus. To our knowledge, this is the first study to investigate this issue using stress MRI mimicking a physiological setting.

ME is also evident in healthy participants. Boxheimer et al^[@bibr8-2325967120914568]^ examined the changes in the meniscal position under different joint angles and loading conditions based on MRI of 22 asymptomatic volunteers. They detected radial displacement of the medial and lateral menisci in both the sagittal and coronal planes. The average extrusion in healthy volunteers was \<3 mm and was more pronounced in the medial meniscus than in the lateral meniscus. Similar results were reported in clinical studies involving noninjured control groups.^[@bibr20-2325967120914568],[@bibr28-2325967120914568],[@bibr42-2325967120914568]^ In the present study, the mean radial displacement of the lateral meniscus under nonweightbearing conditions was 1.0 ± 0.7 mm in the noninjured knee and 2.1 ± 0.6 mm in the injured knee. A threshold of 3 mm is often used to distinguish between physiological and pathological extrusion.^[@bibr20-2325967120914568],[@bibr28-2325967120914568],[@bibr36-2325967120914568]^ At higher levels of extrusion, the meniscus is considered functionally ineffective. It should be noted, however, that physiological extrusion of menisci depends on several parameters, such as age and body mass index,^[@bibr1-2325967120914568],[@bibr15-2325967120914568]^ and may be completely reversible.^[@bibr15-2325967120914568]^ Therefore, the current fixed cut-off value is problematic. Consequently, no threshold value for pathological extrusion was defined in the present study. Extrusion of the healthy contralateral side served as a reference and was compared with that of the operated side.

The upright bipedal posture causes each knee joint to be loaded with approximately 50% of a patient's body weight. Because of the composition and cross section of the meniscus, this axial force leads to a change in its position. The increase of ME in a loaded condition is defined as dynamic ME.^[@bibr1-2325967120914568],[@bibr15-2325967120914568],[@bibr30-2325967120914568]^ Thus, in contrast to standard MRI, the application of different loading conditions allows for ME to be studied under conditions that are similar to physiological demands. Numerous studies have shown a significant increase in radial displacement of the menisci when an axial load is applied to the joint.^[@bibr1-2325967120914568],[@bibr8-2325967120914568],[@bibr15-2325967120914568],[@bibr42-2325967120914568]^ However, few studies have dynamically investigated ME with the use of MRI.^[@bibr8-2325967120914568],[@bibr9-2325967120914568],[@bibr42-2325967120914568],[@bibr48-2325967120914568]^ These investigations, however, have shown some limitations regarding the reproducibility of knee positioning and consistent load application. In the present study, a newly designed nonferromagnetic pneumatic knee brace was used for standard leg positioning and load application during MRI. Using the control panel, it was possible to apply precisely 50% of the body weight as an axial force via the pneumatic system. Based on this method, a significant increase in ME from 1.6 ± 0.9 mm to 1.9 ± 1.1 mm (+21.8%; *P* = .029) was induced with load application.

Several studies have indicated the dynamic behavior of the menisci.^[@bibr1-2325967120914568],[@bibr8-2325967120914568],[@bibr9-2325967120914568],[@bibr15-2325967120914568],[@bibr30-2325967120914568],[@bibr42-2325967120914568],[@bibr48-2325967120914568],[@bibr50-2325967120914568]^ A recent study showed that the dynamic increase of medial ME is significantly compromised in the presence of a complete medial root tear compared with the healthy state (mean Δ extrusion, 0.1 ± 0.2 mm \[study group\] vs 1.0 ± 0.4 mm \[control group\]).^[@bibr30-2325967120914568]^ This phenomenon is called the "dead meniscus sign"^[@bibr30-2325967120914568]^ and may be attributable to an interruption in the ring structure and potentially associated impairment of the viscoelasticity of meniscal tissue. In the present study, the difference in the mean Δ extrusion between the healthy (0.3 ± 0.6 mm) and injured (0.4 ± 0.6 mm) knees was small and statistically nonsignificant (*P* = .795). Moreover, the condition × leg interaction was nonsignificant, suggesting that the compression-associated increase in ME did not differ significantly between the injured and healthy knees. It is therefore assumed that the dynamic behavior of the lateral meniscus is still maintained after radial tear repair. Mean lateral ME under nonweightbearing conditions was 1.0 ± 0.7 mm and 2.1 ± 0.6 mm for for the noninjured and injured knee, respectively (*t*\[9\], 2.262; *P* = .002). For the weightbearing conditions, mean lateral ME was 1.3 ± 1.1 mm and 2.5 ± 0.9 mm for the noninjured and injured knee, respectively (*t*\[9\], 2.262; *P* = .002).

Ichiba and Makuya^[@bibr28-2325967120914568]^ showed a significant progression of lateral ME from 1.8 mm preoperatively to 2.4 mm postoperatively after ACL reconstruction. It should be mentioned that meniscus-preserving therapy was only performed in 3 of the 32 cases with concomitant meniscal lesions. The authors demonstrated that radial displacement of the lateral meniscus depends on the size and kind of the tear. In the present study, all-inside radial tear repair in the posterior horn of the lateral meniscus reduced unloaded ME by 32.4% (preoperative: 3.2 ± 1.1 mm; postoperative: 2.1 ± 0.6 mm). From a clinical point of view, this significant (*P* = .033) finding represents a mean decrease of extrusion of 1.1 mm. However, it should be mentioned that excessive joint effusion in the acute condition at the time of preoperative MRI could temporarily increase ME because of increased intra-articular pressure.

Pula et al^[@bibr44-2325967120914568]^ detected 0.5 ± 0.72 mm of lateral ME in patients with an isolated ACL injury compared with 0.8 ± 0.94 mm in those with an additional posterior lateral meniscus root tear. This difference was not significant and may have been related to the occurrence of MFLs, which were arthroscopically confirmed in all patients. The presence of MFLs has a stabilizing effect on the lateral meniscus.^[@bibr18-2325967120914568]^ In this study, patients with posterior lateral meniscus root tears were excluded; thus, bias due to the described^[@bibr18-2325967120914568]^ stabilizing effect of the MFLs is unlikely.

Limitations {#section13-2325967120914568}
-----------

The current study has some limitations. The small sample size may have weakened the statistical power of the results and, therefore, prevents generalization to large populations. The included injury pattern is rare, and the need for an unaffected contralateral knee resulted in the exclusion of many potential participants. Moreover, all preoperative MRI scans were acquired in a supine, unloaded position. Consequently, the comparison between preoperative and postoperative ME could only be performed in the conditions without axial load application. In addition, because of the small sample size, no correlation analysis could be performed regarding possible confounding factors, such as body mass index or pre-existing cartilage damage.

Conclusion {#section14-2325967120914568}
==========

In summary, the present study provided the following evidence:All-inside radial tear repair in the posterior horn of the lateral meniscus led to a significant reduction in lateral ME from preoperative levels.Loading the knee at 50% of the body weight led to a significant increase (+21.8%) in lateral ME.Irrespective of the loading condition, significantly higher values (+93.2%) of lateral ME were observed in the injured knee. However, the difference in Δ extrusion between the healthy and injured knees was nonsignificant.

Based on these findings, we conclude that all-inside radial tear repair of the lateral meniscus may help to preserve the dynamic behavior of the lateral meniscus, thus reducing biomechanical stress acting on the adjacent cartilage.
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